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[57] ABSTRACT 
A grinding wheel for grinding a workpiece. including a 
core portion connected to a drive shaft, and an abrasive 
portion fixed to an outer circumferential surface of the 
core portion for grinding the workpiece. The grinding 
wheel further includes at least one balancing member 
which is movable in a circumferential direction of the 
wheel. a driver device for moving the balancing mem 
ber(s) in the circumferential direction so as to change an 
angular position of each balancing member, a signal 
receiving device for receiving a control signal for bal 
ancing the ‘wheel, and a driver control circuit for oper 
ating the driver device for moving the balancing mem 
ber(s) so as to balance the wheel, according to the con 
trol signal received by the signal receiving device. The 
above-indicated at least one balancing member. driver 
device, signal receiving device and driver control cir~ 
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2840236 3/1980 Fed‘ Rep’ of Germany ‘ cu}? are all d1sposed v~1th1n the core portion of the 
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GRINDING WHEEL HAVING GRINDING 
MONITORING AND AUTOMATIC WHEEL 

BALANCE CONTROL FUNCTIONS 

BACKGROUND OF THE INVENTION 

l. Field of the Invention 
The present invention relates generally to a grinding 

wheel which is rotated by a drive shaft (wheel spindle) 
to grind a workpiece, and more particularly to such a 
grinding wheel that has a function of monitoring its 
grinding conditions and a function of automatically 
establishing a dynamic balance thereof. 

2. Discussion of the Prior Art 
A known grinding machine has grinding wheel 

which includes a cylindrical core portion which is 
mounted on a drive shaft, and an annular abrasive por 
tion ?xed to the outer circumferential surface of the 
core portion. The grinding wheel is adapted to grind a 
workpiece in contact with the abrasive portion while 
the wheel is rotated by the drive shaft. Generally, the 
grinding wheel is required to maintain the dynamic 
balance. To this end. it is necessary to monitor the state 
of the wheel during its grinding operation. When the 
abrasive portion of the wheel is made of highly durable 
abrasive grains, such as diamond or CBN (cubic boron 
nitride). which permit highly efficient grinding, the 
grinding wheel tends to suffer from imbalance. and 
chattering. burning or cracking phenomena. which 
occur due to relatively high hardness of the abrasive 
grains. Accordingly. it is required to carefully monitor 
the grinding wheel for promptly dealing with such 
abnormal conditions as described above. 

conventionally, there is proposed a device for elimi 
nating dynamic imbalance of the rotating grinding 
wheel. by providing the wheel with a balancing mem 
ber or weight an automatically calculating the amount 
of movement of the balancing member along the cir 
cumference of the wheel to establish the dynamic bal 
ance. and displaying the calculated amount, as disclosed 
in laid-open publication No. 60-25992? of unexamined 
Japanese Patent Application. However, since the imbal 
ance ofthe wheel must be recti?ed by manually moving 
the balancing member after the wheel is stopped, it 
requires a lot of time to balance the wheel. and the 
operating efficiency of the grinding machine is accord 
ingly lowered. Further, since the wheel balancing can 
not be effected while the wheel is rotating. the unbal 
anced rotating wheel would have excessive wear in 
local portions on the outer circumferential surface 
thereof, which leads to poor grinding accuracy and 
lowered durability of the wheel. 

It is also proposed to provide an acoustic‘wave sen 
sor (AE sensor) for detecting high-frequency ultrasonic 
vibrations (acoustic or elastic emissions) which are gen 
erated by the grinding wheel, as disclosed in Publica 
tion No. 64-278 of examined Japanese Utility Model 
Application. The disclosed AE sensor is ?xed to a sta 
tionary member of the grinding machine, for detecting 
vibrations which are transmitted through a liquid that is 
jetted on a side surface of the abrasive portion of the 
grinding wheel. In this case, the vibrations detected by 
the sensor may be affected by the conditions in which 
the liquid is jetted against the abrasive portion, or by 
gases which are present in the liquid. 

conventionally, a temperature sensor is embedded in 
the workpiece to be ground by the grinding wheel. so as 
to measure a temperature at the grinding surface of the 
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2 
wheel during the grinding operation. However, the 
known sensor is not able to accurately measure the 
wheel temperature since the workpiece having the sen 
sor is moved relative to the rotating wheel during the 
grinding operation. If the vibrations or the wheel tem 
perature cannot be accurately detected as in the con 
ventional grinding machine, it is difficult to determine 
abnormalities in the grinding. resulting in increased 
unacceptance or reject ratio of the ground workpieces. 
Further, the above manner of measuring the wheel 
temperature is restricted by the manner of grinding and 
the con?guration of the workpiece. For example, it is 
dif?cult to embed the temperature sensor in a cylindri 
cal workpiece which is rotated during the grinding 
operation. 

SUMMARY OF THE INVENTION 

It is therefore a ?rst object of the invention to provide 
a grinding wheel which is automatically dynamically 
balanced, assuring excellent grinding accuracy and im 
proved durability. ' 

It is a second object of the invention to provide a 
grinding wheel which is capable of accurately detecting 
vibrations thereof which occur during its grinding oper 
ation, so as to monitor the grinding wheel for abnormal 
conditions and deal with the detected abnormalities, to 
lower the reject ratio of the ground workpieces. 

It is a third object ofthe invention to provide a grind 
ing wheel which is capable of accurately measuring a 
temperature at the grinding surface thereof, without 
being affected by the manner of grinding or the con?gu 
ration of the workpiece to be ground, so as to lower the 
reject ratio of the ground workpieces. 
The ?rst object indicated above may be attained ac 

cording to one aspect of the invention, which provides 
a grinding wheel for grinding a workpiece. comprising 
(a) a core portion connected to a drive shaft, (b) an 
abrasive portion ?xed to an outer circumferential sur 
face of the core portion for grinding the workpiece, (c) 
at least one balancing member disposed in the core 
portion such that each balancing member is movable in 
a circumferential direction of the wheel, (d) drive 
means disposed in the core portion, for moving the 
balancing member(s) in the circumferential direction so 
as to change an angular position of each balancing mem 
ber, (e) signal receiving means disposed in the core 
portion, for receiving a control signal for balancing the 
grinding wheel. the control signal being transmitted in 
the air from outside the wheel, and (f) a driver control 
circuit disposed in the core portion, for operating the 
drive means for moving the balancing member(s) so as 
to balance the grinding wheel, according to the control 
signal received by the signal receiving means. 

In the grinding wheel constructed as described 
above, all of the balancing member or members, drive 
means for moving the balancing member(s), signal re 
ceiving means for receiving the control signal transmit 
ted in the air, and the driver control circuit for operat 
ing the driver means according to the control signal are 
disposed within the core portion. In operation, the 
driver means is driven by the driver control circuit to 
move the balancing member(s) in the circumferential 
direction, according to the control signal received by 
the signal receiving means. In this arrangement, the 
imbalance of the wheel can be automatically recti?ed 
without stopping the rotating wheel, assuring a rela 
tively high operating efficiency of a grinding machine 
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using the present grinding wheel. Further since the 
wheel balancing can be effected while the wheel is 
rotating. the wheel is free from the excessive local wear 
on its outer circumferential surface. which would result 
from a delay in re-establishing the balance ofthe unbal 
anced rotating wheel. Thus. the present grinding wheel 
permits a highly accurate grinding operation. and as 
sures improved durability. 
The second object may be attained according to an 

other aspect ofthe invention. which provides a grinding 
wheel for grinding a workpiece, comprising (a) a core 
portion connected to a drive shaft. (b) an abrasive por 
tion ?xed to an outer circumferential surface ofthe core 
portion for grinding the workpiece, (c) vibration detect 
ing means disposed in the core portion. for detecting 
vibrations including ultrasonic vibrations at a portion 
close to the abrasive portion, the vibrations occurring 
during a grinding operation of the abrasive portion, so 
as to produce a vibration signal indicative ofthe vibra 
tions. and (d) vibration signal transmitting means dis 
posed in the core portion. for transmitting in the air the 
vibration signal from the vibration detecting means, so 
as to monitor a current grinding condition of the wheel. 

In the grinding wheel constructed as described 
above. the vibrations which occur during grinding are 
detected by the vibration detecting means disposed in 
the core portion. so that the detecting means produces 
the vibration signal representative ofthe detected vibra 
tions. The vibration signal from the detecting means is 
transmitted in the air by the vibration signal transmit 
ting means. Accordingly. a grinding machine using the 
present grinding wheel is capable of accurately detect 
ing the vibrations of the wheel, without being affected 
by the conditions in which a conventionally used liquid 
is jetted against the abrasive for detecting the wheel 
vibrations. or gases which are present in the liquid. This 
permits the grinding machine to properly deal with 
abnormal vibrations during the grinding operation. 
thereby lowering the unacceptance or reject ratio of the 
ground workpieces. 
The third object may be attained according to still 

another aspect ofthe invention. which provides a grind 
ing wheel for grinding a workpiece. comprising (a) a 
core portion connected to a drive shaft. (b) an abrasive 
portion ?xed to an outer circumferential surface of the 
core portion for grinding the workpiece. (c) tempera 
ture sensing means disposed in the core portion, for 
sensing a wheel temperature at a portion close to the 
abrasive portion. curing a grinding operation of the 
abrasive portion, so as to produce a temperature signal 
indicative of the wheel temperature, and (d) tempera 
ture signal transmitting means disposed in the core por 
tion. for transmitting in the air the temperature signal 
from the temperature sensing means, so as to monitor a 
current grinding condition of the wheel. 

In the grinding wheel constructed as described 
above. the wheel temperature in the vicinity of the 
grinding surface is measured by the temperature sensing 
means disposed in the core portion, so that the sensing 
means produces the temperature signal representative 
of the wheel temperature. Then, the temperature signal 
from the sensing means is transmitted in the air by the 
temperature signal transmitting means. Accordingly. a 
grinding machine using the present grinding wheel is 
capable of accurately sensing the wheel temperature. 
irrespective of the movement ofthe workpiece relative 
to the abrasive portion of the wheel. This permits the 
grinding machine to properly deal with an abnormal 

4 
wheel temperature. thereby lowering the reject ratio of 
the ground workpieces. Since the temperature sensing 
means is disposed in the core portion of the wheel. the 
temperature measurement is not restricted by the man 
ner of grinding or the con?guration of the workpiece. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and optional objects. features and advan 
tages will be better understood by reading the following 
detailed description of some presently preferred em 
bodiments of the invention. when considered in con 
junction with the accompanying drawings, in which: 

FIG. 1 is a schematic view showing an arrangement 
' of a grinding machine which uses a grinding wheel 
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constructed according to one embodiment of the pres 
ent invention; 

FIG. 2 is a partly cut-away front elevational view. 
showing the grinding wheel of FIG. 1; 

FIG. 3 is a perspective exploded view showing con 
stituent members ofa core portion ofthe wheel of FIG. 
2; 
FIG. 4 is a cross sectional view taken along line 4-4 

of FIG. 2; 
FIG. 5 is a cross sectional view taken along line 5—5 

of FIG. 2; 
FIG. 6 is a block diagram showing an electrical con 

trol arrangement of the grinding machine of FIG. 1; 
FIG. 7 is a ?ow chart illustrating an operation of an 

automatic wheel balance control device shown in FIG. 
6; 
FIGS. 8 and 9 are views explaining respective opera 

tions of grinding monitoring means shown in FIG. 6; 
FIGS. 10 through 13 are ?ow charts illustrating oper 

ations ofa grinding control circuit indicated in FIGS. 1 
and 6; 
FIG. 14 is a block diagram showing a detecting cir 

cuit incorporated in a grinding wheel according to a 
modi?ed embodiment of the present invention; 
FIGS. 15 and 16 are views associated with the em 

bodiment of FIG. 14, which correspond to those of 
FIGS. 5 and 6, respectively; 

FIG. 17 is a block diagram showing a major portion 
of a detecting circuit incorporated in a grinding wheel 
according to another embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring first to FIG. 1, the grinding machine has a 
drive shaft 10 for rotating a grinding wheel 18 about its 
axis. The drive shaft 10 is operatively connected to a 
wheel drive motor 12 and is rotatably supported by a 
machine frame 16 via bearings 14 (only one of which is 
shown in FIG. 1). The grinding wheel 18 is removably 
mounted on the drive shaft 10. More speci?cally, the 
drive shaft 10 has a tapered surface 20 formed at one 
axial end portion thereof. On the other hand, the grind 
ing machine has a first and a second adaptor 23, 25 
having respective ?anges 24. 26. The ?rst adaptor 23 
has a tapered bore 22 which follows the shape of the 
tapered surface 20 of the drive shaft 10, so that the ?rst 
adaptor 23 is ?tted snugly on the axial end portion ofthe 
drive shaft 10. The second adaptor 25 is ?tted on a 
small-diameter portion of the ?rst adaptor 23 remote 
from the ?ange 24. such that the grinding wheel 18 is 
interposed between the ?anges 24, 26 of the two adap 
tors 23. 25. In this condition, a nut 28 is fastened to an 
externally threaded end portion 30 formed at the distal 
end of the drive shaft 10 with a washer 32 being inter 
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posed between the nut 28 and the second adaptor 25. so 
as to tighten the two ?anges 24. 26 ?rmly enough to 
hold the grinding wheel 18. Thus, the grinding wheel 18 
is removably connected to the driving shaft 10. 

Referring next to FIG. 2, the grinding wheel 18 con 
sists ofa core portion 34 and an abrasive portion 36. The 
core portion 34 has a body 38, a circular ?rst closure 
member 42. and four sectorial second closure members 
44a. 44b, 44c. 44d, as shown in FIG. 3v The body 38 has 
an inner and an outer cylindrical wall, and an annular 
plate which connects corresponding axial ends of the 
two cylindrical walls. The ?rst closure member 42 has 
four generally sectorial windows 40 which are equally 
spaced from each other in its circumferential direction: 
The second closure members 44a—44d are removably 
attached to the ?rst closure member 42, so as to close 
respective openings of the four sectorial windows 40. 
The ?rst closure member 42 with the second closure 
members 440-440’ attached thereto is ?tted in an open 
end portion of the body 38, so as to ?uid-tightly close 
the opening of the body 38. The abrasive portion 36 
consists of a plurality of abrasive pieces each containing 
highly durable abrasive grains such as diamond grains 
or CBN grains. The abrasive pieces which cooperate to 
form an annular abrasive member are bonded to the 
outer Circumferential surface of the core portion 34 by 
a suitable bonding material. 

In the core portion 36 ofthe grinding wheel 18. there 
are provided an automatic wheel balance control device 
for automatically dynamically balancing the grinding 
wheel 18. a vibration detecting device for detecting 
vibrations which may occur during the grinding opera 
tion by the wheel 18. and a temperature sensing device 
for measuring a temperature of the wheel 18 during its 
grinding operation. 

Referring next to FIG. 4 which is a cross sectional 
VIC“ taken along line 4—4 of FIG. 2. the automatic 
wheel balance control device has two annular balancing 
members in the form of concentric ring gears 52a. 52b, 
and a pair of ultrasonic motors 50a. 50b which serve as 
drive means for driving the ring gears 52a, 52b. The 
ultrasonic motors 50a, 50b are respectively located on 
diametrically opposite portions of the outer circumfer 
ential surface of the inner cylindrical wall of the body 
38 of the core portion 34, such that the motors 50a, 50b 
are ?xed to the body 38 while facing upwards and 
downwards as seen in FIGv 2. respectively. That is, 
each of the ultrasonic motor 50a, 50b has a pinion 64a, 
64b which is ?xed to an output shaft of the correspond 
ing motor 50a, 50b, and which extends radially out 
wardly from the motor 50a, 50b. The ultrasonic motors 
50a, 50b are operated to rotate the respective'ring gears 
52a. 52b, which are rotatably slidably supported on the 
inner circumferential surface of the outer cylindrical 
wall of the body 38. These ring gears 52a, 52b are sup 
ported by sliding members 54, 56. 58 which also func 
tion as spacers, such that the gears 52a, 52b are held in 
concentric relation with the body 38 of the core portion 
34. The ring gears 52a. 52b have respective recesses 60a, 
60b which permit the center of gravity of the grinding 
wheel 18 to deviate from the geometric center of the 
wheel 18. The ring gears 52a, 52b have an L-shaped 
cross section. as shown in FIG. 4, and have respective 
sets of internal teeth 62a, 62b formed in their mutually 
facing surfaces which are spaced apart from each other 
in the axial direction of the wheel 18. The internal teeth 
62a. 62b of the ring gears 50a. 50b engage with the 
pinions 64a, 64b of the ultrasonic motors 50a, 50b. re 
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6 
spectively, so that the ring gears 52a. 52b are rotated by 
the motors 50a, 50b in order to dynamically balance the 
grinding wheel 18 (or correct imbalance of the wheel 
18). It is to be noted that the recess 60b ofthe ring gear 
52b is not shown in FIG. 4 because the recess 60b is 
positioned opposite to the recess 60a diametrically of 
the body 38. In the instant embodiment, the center of 
gravity of the grinding wheel 18 except the ring gears 
52a, 52b is located in the center of the wheel 18 as 
viewed in its axial or width direction. Further, as is 
apparent from FIG. 4, the ring gears 52a, 52b are dis 
posed close to each other in the core portion 34, on the 
opposite sides of the axially central point of the wheel 
18. Therefore, the axial position ofthe center of gravity 
of the wheel 18 except the ring gears 52a, 52b is held in 
close proximity to that of the center of the resultant 
gravity of the ring gears 52a, 52b. 
The vibration detecting device includes two vibra 

tion sensors 70 and two acoustic-emission or acoustic 
wave sensors 72 (hereinafter referred to as “AE sensor 
72"), as shown in FIG. 2. These vibration sensors 70 and 
AE sensors 72 are ?xedly disposed on the inner circum 
ferential surface of the outer cylindrical wall of the 
body 38, such that each pair of the sensors 70 (72) are 
equally spaced apart from each other in the circumfer 
ential direction of the wheel 18. The vibration sensors 
70 function to detect vibrations in a frequency range 
from 10 Hz to l KI-Iz, which include chattering or 
patting phenomena occurring during the grinding oper 
ation of the wheel 18, and vibrations due to the dulling 
of cutting edges of the wheel 18, namely, due to so 
called “glazing“ of the wheel 18. The AE sensors 72 
function to detect vibrations in a frequency range from 
50 KHz to 2 MHz. that is, high-frequency, ultrasonic 
vibrations in the form of acoustic or elastic waves, 
which derive from a part of an energy stored in the 
abrasive material of the wheel 18 when any cracks 
occur or develop in the material during the grinding 
operation. The temperature sensing device has a ther 
mocouple 74 which is ?xedly disposed on the inner 
circumferential surface of the outer cylindrical wall of 
the body 38 of the core portion 34, as shown in FIG. 2. 
The thermocouple 74 includes a detecting probe which 
extends radially outwardly through the outer cylindri 
cal wall of the body 38, in order to accurately measure 
a temperature at the grinding surface of the abrasive 
portion 36 of the wheel 18. 

Referring next to FIG. 5, two detection plates 76a, 
76b are ?xedly disposed on respective axially outer side 
faces ofthe concentric ring gears 52a, 52b. On the other 
hand, two photoelectric sensors 78a, 78b are ?xedly 
provided within the body 38 of the core portion 34, so 
as to detect the respective detection plates 76a, 76b to 
determine whether or not the ring gears 52a, 52b are 
placed in their predetermined home positions. While on 
of the detection plate 760 and one of the photoelectric 
sensor 780 are shown in FIG. 5, it is to be noted that the 
other plate 76b and the other sensor 78b are located in 
respective positions which are positioned symmetrically 
with those of the counterparts 76a, 780, with' respect to 
the center of the grinding wheel '18. 
As shown in FIG. 5 by way of example, the second 

closure members 44b and 44d partially de?ne three 
chambers 88b and three chambers 88d, respectively, in 
which are accommodated a detecting circuit 80 for the 
above-indicated sensors 70, 72, 74, 78a and 78b, a driver 
circuit 82 for the ultrasonic motors 50a, 50b, and a bat 
tery 86 used as a power source for a transmitter/ 
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receiver circuit 84 (which will be described). The cham 
bers 88b, 88d are ?uid~tightly sealed by respective caps 
90b, 90d which are- threaded in the corresponding clo 
sure members 44b, 44d. In this arrangement, the battery 
86 (received in one of the chambers 88b as shown in 
FIG. 5) may be replaced by a new one. On the second 
closure members 44b, 440'. there are provided substrates 
of the above-indicated electric circuits, such as the de 
tecting circuit 80 for the sensors 70, 72, 74, 78a and 78b, 
the driver circuit 82 for the ultrasonic motors 50a, 50b 
and the transmitter/receiver circuit 84. It is to be noted 
that the chambers 88d are not shown in FIG. 5 which is 
a cross sectional view taken along line 5-5 of FIG. 2. 
The electric arrangement in the core portion 34 is 

illustrated in the right-hand side half of the block dia 
gram of FIG. 6, by a one-dot chain line. The transmit 
ter/receiver circuit 84 receives and demodulates radio 
waves which are transmitted in the air and received by 
an antenna 92 connected thereto. Then, the transmit 
ter/receiver circuit 84 applies control signals to the 
driver circuit 82. which in turn drives the ultrasonic 
motors 50a, 50b according to the control signals, so that 
the imbalance of the grinding wheel 18 can be automati 
cally recti?ed. The control signals are representative of 
appropriate directions and angles of the rotary move 
ments of the ring gears 52a. 5217 by the ultrasonic mo 
tors 50a, 50!). Upon receipt of output signals from the 
photoelectric sensors 78a, 78b, the detecting circuit 80 
supplies the transmitter/receiver circuit 84 with a posi 
tion signal which indicates that the ring gears 52a. 52b 
are placed in the respective predetermined home posi 
tions. The detecting circuit 80 also receives output sig 
nals from the vibration sensor 70 and the AE sensor 72, 
and supplies the transmitter/receiver circuit 84 with a 
vibration signal and an AE signal representative of the 
vibrations and the ultrasonic waves (acoustic emis 
sions). respectively, which occur during the grinding 
operation of the wheel 18. Upon receipt of an output 
signal from the thermocouple 74, the detecting circuit 
80 supplies the transmitter/receiver circuit 84 with a 
temperature signal representative of the temperature at 
the grinding surface of the wheel 18 during its grinding 
operation. The transmitter/receiver circuit 84 modu 
lates the position signal, vibration signal, AE signal and 
temperature signal received from the detecting circuit 
80. and transmits radio waves corresponding to the 
modulated signals indicated above, through the antenna 
92. 

Referring back to FIG. 1, the instant grinding ma 
chine further includes a vibration sensor 100, a detec 
tion plate 102 and a photoelectric sensor 104, which 
cooperate with each other to detect imbalance of the 
rotating grinding wheel 18. The vibrations sensor 100 is 
?xed to a portion ofthe machine frame 16 in the vicinity 
of the drive shaft 10, for detecting vibrations transmit 
ted to the drive shaft 10. The photoelectric sensor 104 
serves as a wheel position sensor for detecting passing 
of the detection plate 102 ?xed to the ?rst ?ange 24, so 
as to determine a rotary phase or angular position ofthe 
wheel 18, as described later. The output signals emitted 
by these sensors 100, 104 are applied to an arithmetic 
control device 106 of the machine. On the other hand, 
the radio waves transmitted from the transmitter/' 
receiver circuit 84 in the rotating core portion 34 are 
received and demodulated by a transmitter/receiver 
circuit 108 connected to the arithmetic control device 
106, and then applied to the arithmetic control device 
106. The arithmetic control device 106 is constituted by 
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8 
a microcomputer which includes a CPU (central pro 
cessing unit), a ROM (readeonly memory), a RAM 
(random-access memory) and an interface circuit. and 
operates to process input signals according to a pro 
gram stored in the ROM, while utilizing a temporary 
data storage function of the RAM. 
As shown in FIG. 1, the instant grinding machine 

also includes a work table 120 for feeding a workpiece 
118, a table feeding motor 122 for moving the work 
table 120, and a grinding control circuit 116 for control— 
ling the wheel drive motor 12 and the table feeding 
motor 122. 

In the instant grinding machine, a rotary dresser 128 
is provided on a dresser table 132 which is moved by a 
table feeding motor 132 in the axial direction of the 
wheel 18, as shown in FIG. 1. The rotary dresser 128 is 
rotated by a dresser rotating motor 124 disposed on the 
dresser table 132, and the amount of infeed of the 
dresser 128 is changed as needed by a dresser infeed 
motor 126. The dresser rotating motor 124, dresser 
infeed motor 126, and table feeding motor 130 are all 
controlled by the grinding control circuit 116 indicated 
above. The grinding control circuit 116 operates not 
only to stop the wheel drive motor 12 according to an 
error signal applied from the arithmetic control device 
106. but also to command these motors 124, 126, 130 to 
automatically perform a series of dressing actions, ac 
cording to a dressing start command (which will be 
described). During the series of the dressing actions, the 
amount of infeed of the rotary dresser 128 is controlled 
based on a contact signal which is applied from the 
arithmetic control device 106 to the dresser infeed 
motor 126. 
The electric arrangement outside the rotating grind 

ing wheel 18 is illustrated in the left-hand side halfofthe 
diagram of FIG. 6, by a two-dot chain line. As seen in 
the ?gure, the arithmetic control device 106 is function 
ally constituted by wheel balancing control means 110 
for calculating the amount of rotation of the ring gears 

I 50a, 50b for dynamically balancing the rotating grind 
ing wheel 18, and grinding monitoring means 112 for 
determining the condition ofthe grinding operation by 
the wheel 18 and controlling the grinding operation. 
More speci?cally, the wheel balancing control means 

110 calculates the degree of imbalance of the rotating 
grinding wheel 18, that is, the amount of rotation of the 
ring gears 50a. 501) by the ultrasonic motors 50a, 50b, 
based on output signals applied from the vibration sen 
sor 100 and photoelectric sensor 104, according to a 
predetermined relationship stored in the control means 
110. Namely, a vibrational displacement Db which is 
represented by the output signal from the vibration 
sensor 100 is represented by the following equation: 

Db = Dbmax-rim»! (l) 

where, 
Dbmax: maximum amplitude of vibrations 
at: angle of rotation of the wheel 18 measured from a 

reference angular position 
t: time. 
The wheel balancing control means 110 is adapted to 

automatically balance the rotating grinding wheel 18, 
according to a wheel balance control routine as illus 
trated in the ?ow chart of FIG. 7. Initially, step SR1 is 
implemented to calculate the maximum amplitude 
Dbmax of the vibrations as detected at the machine 
frame 16 or drive shaft 10, based on the output signal 
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from the vibration sensor 100. Then, step SR2 is exe 
cuted to determine whether the maximum amplitude 
Dbmax exceeds a reference value Da or not. When the 
maximum amplitude Dbmax is equal to or smaller than 
the reference value Da, the present control routine is 
terminated. When the maximum amplitude Dbmax ex 
ceeds the reference value Da in step SR2; the control 
flow goes to step SR3 to calculate a rotary phase or 
angular position mo indicative of the current angular 
position of the center of gravity of the wheel 18, which 
is deviated from the center of rotation of the wheel 18. 
The calculation of the rotary phase mo is achieved by 
measuring the time duration from the point when the 
photoelectric sensor 104 outputs a pulse signal indica 
tive ofthe reference angular position ofthe wheel 18, to 
the point when the maximum amplitude Dbmax is de 
tected by the vibration sensor 100. This measurement is 
effected by a clock counter of the control means 110. In 
the initialization step (which is not shown in FIG. 7), 
the concentric ring gears 52a, 52b are placed in the 
respective predetermined home positions, so that the 
resultant center of gravity ofthe two ring gears 52a, 52b 
coincides with the axis of rotation of the wheel 18. 
Accordingly. it will be understood that the current 
position of the center of gravity of the wheel 18 ob 
tained in step SR3 is substantially associated with the 
wheel 18 except the ring gears 52a. 52b. In the next step 
SR4. the directions and amounts of the rotary move 
ments of the ring gears 52a, 52b, that is, the rotating 
directions and amounts of the ultrasonic motors 50a, 
50b, are determined, so that the resultant center of grav 
ity of the ring gears 52a, 52b is placed in an angular 
position which is spaced 180 degrees from the rotary 
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the center of gravity of the wheel 18, and so that the 
resultant center of gravity of the ring gears 52a. 52b is 
offset from the center of the wheel 18 by a predeter 
mined radial distance. Then, control signals representa 
tive of the thus determined rotating directions and 
amounts of the ultrasonic motors 50a, 50b are converted 
into the radio waves, which are transmitted from the 
transmitter/receiver circuit 108 outside the wheel 18 to 
the transmitter/receiver circuit 84 within the core por 
tion 34 of the wheel 18. Consequently, the ultrasonic 
motors 50a, 50b are driven by the drive circuit 82, based 
on the control signals received from the circuit 84, so as 
to rotate the respective ring gears 52a, 52b by the deter 
mined amounts in the determined directions. 
The transmitter/receiver circuit 108 outside the 

wheel 18 receives and demodulates the radio waves 
which are transmitted from the transmitter/receiver 
circuit 84 in the the core portion 34, so as to supply the 
grinding monitoring means 112 with the position signal 
produced by the photoelectric sensors 78a, 78b, the 
vibration signal and the AE signal respectively pro' 
duced by the vibration sensor 70 and the AE sensor 72, 
and the temperature signal produced by the thermo 
couple 74. These output signals received by the grind 
ing monitoring means 112 are fed to the grinding con 
trol circuit 116 for controlling the wheel drive motor 12 
and the table feeding motor 122, for example. At the 
same time, the grinding monitoring means 112 deter 
mines the grinding condition of the wheel 18 based on 
the above output signals, according to judgement data 
which are stored in the monitoring means 112. The 
result of the determination by the grinding monitoring 
means 112 is indicated on a display 114, and is utilized to 
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10 
initiate dressing of the wheel 18 or to stop the rotating 
wheel 18, as will be described in detail below. 

Reference is now made to the flow chart of FIG. 8. If 
the grinding monitoring means 112 determines that the 
vibrations signal Dc produced by the vibration sensors 
70 in the core portion 34 has an amplitude or an effec 
tive value which is larger than a predetermined ?rst 
reference value DB1, the monitoring means 112 com 
mands the display 114 to provide a ?rst vibration alarm, 
and applies a wheel stop command to the grinding con 
trol circuit 116 so as to stop the wheel drive motor 12, 
that is, to stop the rotating wheel 18. When the core 
portion '34 suffers from vibrations having an excessively 
large amplitude, despite the movements of the ring 
gears 52a, 52b, it is presumed that cracks or other de 
fects occur at the abrasive portion 36 of the wheel 18. In 
this case, the grinding monitoring means 112 commands 
the grinding control circuit 116 to stop the wheel drive 
motor 12 to stop the rotating wheel 18. If the grinding 
monitoring means 112 determines that the amplitude or 
effective value of the vibration signal Dcis equal to or 
smaller than the ?rst reference value DB1, but larger 
than a predetermined second reference value DB3 
(<DBI). the monitoring means 112 commands the dis 
play 114 to provide a second vibration alarm, and ap 
plies a dressing start command to the grinding control 
circuit 116 so as to start dressing the grinding wheel 18. 
The vibration sensors 70 usually generate the signal Dc 
whose level is between the ?rst and second reference 
values D51, D32, when the grinding surface of the abra' 
sive portion 36 of the wheel 18 is locally glazed or 
worn. In this case, the grinding monitoring means 112 
causes the grinding control circuit 116 to effect dressing 
of the wheel 18 so as to expose sharp cutting edges of 
the abrasive grains of the abrasive portion 36. 
As shown in FIG. 8, when the grinding monitoring 

means 112 determines that the wheel temperature T 
measured by the thermocouple 74 in the core portion 34 
is higher than a predetermined reference value T3, the 
display 114 provides a temperature alarm which indi 
cates the temperature at the grinding surface of the 
abrasive portion 34 of the wheel 18 is excessively high. 

Referring next to the flow chart of FIG. 9, ifthe level 
of the AE signal produced by the AE sensors 72 in the 
core portion 34 is smaller than a predetermined refer 
ence value AEB, and the wheel temperature T mea 
sured by the thermocouple 74 is higher than a predeter 
mined reference value Tc, the grinding monitoring 
means 112 commands the display 114 to provide a 
wheel glazing alarm, and applies a dressing start com 
mand to the grinding control circuit 116. When the 
exposed abrasive grains of abrasive portion 36 become 
dull to render the grinding surface of 'the wheel 18 
glazed. the level of the AE signal associated with break 
age of the exposed grains is lowered, and the tempera 
ture at the grinding surface of the wheel 18 is elevated 
because of the friction between the workpiece 118 and 
the grinding surface. In this case, the wheel glazing 
alarm is displayed on the display 114, and the grinding 
control circuit 116 receives the dressing start command 
from the grinding monitoring means 112. Thus, a series 
of dressing actions are automatically effected to expose 
sharp cutting edges of the abrasive grains of the abra 
sive portion 36. 
The grinding control circuit 116 is also constituted by 

a microcomputer, and operates to process input signals 
according to programs stored in the circuit 116. so as to 
control the above-indicated motors 12, 122, 124, 126, 












